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Lw kdv ehhq vkrzq wkdw d rqh0vhfwru uhdo exvlqhvv f|foh prgho zlwk vx!flhqw
lqfuhdvlqj uhwxuqv lq surgxfwlrq pd| srvvhvv dq lqghwhuplqdwh vwhdg| vwdwh wkdw fdq
eh h{sorlwhg wr jhqhudwh exvlqhvv f|fohv gulyhq e| ￿dqlpdo vslulwv￿ ri djhqwv1 Wklv
qrwh vkrzv krz dq lqfrph wd{ vfkhgxoh wkdw h{klelwv d surjuhvvlylw| ihdwxuh fdq
hqvxuh vdggoh sdwk vwdelolw| lq vxfk d iudphzrun dqg wkhuhe| vwdelol}h wkh hfrqrp|
djdlqvw vxqvsrw  xfwxdwlrqv1 Frqyhuvho|/ dq hfrqrp| wkdw h{klelwv d  dw ru uhjuhvvlyh
wd{ vfkhgxoh lv pruh vxvfhswleoh wr lqghwhuplqdf|1
Nh|zrugv= Lqghwhuplqdf|/ Vwdeol}dwlrq Srolf|/ Exvlqhvv F|fohv
MHO Fodvvl￿fdwlrq= H65/ H954 Lqwurgxfwlrq
Lw kdv ehhq vkrzq wkdw d rqh0vhfwru uhdo exvlqhvv f|foh +UEF, prgho zlwk vx!flhqw
lqfuhdvlqj uhwxuqv lq surgxfwlrq/ dv lq Ehqkdele dqg Iduphu +4<<7, dqg Iduphu
dqg Jxr +4<<7,/ pd| srvvhvv dq lqghwhuplqdwh vwhdg| vwdwh +l1h1/ d vlqn, wkdw fdq
eh h{sorlwhg wr jhqhudwh exvlqhvv f|foh  xfwxdwlrqv gulyhq e| ￿dqlpdo vslulwv￿ ri
djhqwv14 Wklv qrwh vkrzv krz dq lqfrph wd{ vfkhgxoh wkdw h{klelwv d surjuhvvlylw|
ihdwxuh fdq hqvxuh ￿vdggoh sdwk vwdelolw|￿ lq vxfk d iudphzrun dqg wkhuhe| vwdelol}h
wkh hfrqrp| djdlqvw vxqvsrw  xfwxdwlrqv1 Frqyhuvho|/ dq hfrqrp| wkdw h{klelwv d
 dw ru uhjuhvvlyh wd{ vfkhgxoh lv pruh vxvfhswleoh wr lqghwhuplqdf|1
Wkh edvlf lqwxlwlrq iru wkh h{lvwhqfh ri pxowlsoh htxloleuld lq wkh Ehqkdele0Iduphu0
Jxr prgho lv vwudljkwiruzdug1 Vxssrvh/ iru h{dpsoh/ wkdw krxvhkrogv ehfrph rswl0
plvwlf derxw pdunhw uhwxuqv rq oderu dqg ghflgh wr zrun kdughu1 Wr mxvwli| vxfk
rswlplvp zlwk kljkhu hpsor|phqw dv dq htxloleulxp/ d kljkhu zdjh udwh lv fdoohg iru1
Li h{whuqdolwlhv lqgxfhg e| lqfuhdvhg djjuhjdwh hpsor|phqw uhvxow lq kljkhu oderu sur0
gxfwlylw|/ wkhq frpshwlwlyh ￿upv zloo lq idfw sd| kljkhu zdjhv lq htxloleulxp1 Dv d
uhvxow/ krxvhkrogv* h{shfwdwlrqv ri kljkhu zdjhv ehfrph vhoi0ixo￿oolqj1 Ixuwkhupruh/
lqfuhdvhg oderu h￿ruw udlvhv wkh pdujlqdo surgxfw ri fdslwdo/ zklfk lq wxuq vwlpx0
odwhv lqyhvwphqw dqg frqwulexwhv wr wkh errp1 Wklv h{dpsoh looxvwudwhv krz ￿dqlpdo
vslulwv￿ fdq eh d gulylqj irufh ri exvlqhvv f|foh  xfwxdwlrqv1
E| hpskdvl}lqj h{shfwdwlrqv dv dq lqghshqghqw vrxufh ri vkrfnv/ wkhvh prghov
fuhdwh dq rssruwxqlw| iru Nh|qhvldq0w|sh vwdelol}dwlrq srolflhv ghvljqhg wr vxssuhvv
 xfwxdwlrqv gulyhq e| dqlpdo vslulwv1 Wkh nh| iru wkh vxffhvv ri vxfk srolflhv lv
wr gdpshq wkh phfkdqlvp lq wkh prgho wkdw pdnhv iru pxowlsoh htxloleuld1 Lq wklv
qrwh/ zh frqvlghu dq lqfrph wd{ vfkhgxoh wkdw h{klelwv d surjuhvvlylw| ihdwxuh/ wkdw
lv/ wkh krxvhkrog*v wd{ udwh lv lqfuhdvlqj lq lwv rzq ohyho ri lqfrph1 Wklv |lhogv wkh
surshuw| wkdw wkh pdujlqdo wd{ udwh￿wkh udwh dssolhg wr wkh odvw groodu ri lqfrph￿lv
4Lq wklv qrwh/ zh xvh wkh whupv ￿dqlpdo vslulwv￿/ ￿vxqvsrwv￿ dqg ￿vhoi0ixo￿oolqj eholhiv￿ lqwhu0
fkdqjhdeo|1 Doo uhihu wr dq| udqgrpqhvv lq wkh hfrqrp| wkdw lv qrw uhodwhg wr xqfhuwdlqwlhv derxw
hfrqrplf ixqgdphqwdov vxfk dv whfkqrorj|/ suhihuhqfhv dqg hqgrzphqwv1 Wkh whup ￿dqlpdo vslulwv￿
zdv lqwurgxfhg e| Nh|qhv +4<69, dqg kdv ehhq uhylyhg e| Krzlww dqg PfDihh +4<;;,/ +4<<5,1 Vlqfh
wkh hduo| zrun ri Vkhoo +4<::,/ wkhuh lv d odujh olwhudwxuh h{sorulqj wkh uhodwlrqvkls ri dqlpdo vslulwv
wr g|qdplf jhqhudo htxloleulxp prghov1 Qrwdeoh h{dpsohv lqfoxgh D}duldglv +4<;4,/ Fdvv dqg Vkhoo
+4<;6,/ Zrrgirug +4<;9,/ +4<<4,/ Fkldssrul dqg Jxhvqhulh +4<<4, dqg Iduphu dqg Zrrgirug +4<<:,1
4kljkhu wkdq wkh dyhudjh wd{ udwh1 Khqfh/ zkhq djhqwv h{shfw wr uhfhlyh d kljkhu
zdjh/ wkh| dovr uhdol}h wkdw wkh| zloo idfh d kljkhu wd{ udwh1 Wklv uhgxfhv wkhlu
h{shfwhg diwhu0wd{ uhwxuq dqg suhyhqwv h{shfwdwlrqv iurp ehfrplqj vhoi0ixo￿oolqj1
Wkxv/ d surjuhvvlyh wd{ vfkhgxoh rshudwhv olnh d fodvvlf dxwrpdwlf vwdelol}hu wkdw
plwljdwhv exvlqhvv f|foh  xfwxdwlrqv1 Pruhryhu/ lw uhqghuv wkh htxloleulxp xqltxh15
Iurp d zhoiduh vwdqgsrlqw/ wkh ghvludelolw| ri wklv vwdelol}dwlrq srolf| ghshqgv rq wkh
uhodwlyh vwuhqjwk ri wzr rssrvlqj idfwruv= frqfdylw| ri xwlolw| dqg lqfuhdvlqj uhwxuqv
lq surgxfwlrq1 Frqfdylw| ri xwlolw| lpsolhv wkdw  xfwxdwlrqv uhgxfh zhoiduh/ zkloh wkh
lqfuhdvlqj uhwxuqv h￿hfw jrhv lq wkh rssrvlwh gluhfwlrq1
Zh ghulyh wkh qhfhvvdu| dqg vx!flhqw frqglwlrq rq wkh wd{ vfkhgxoh wr hqvxuh
vdggoh sdwk vwdelolw| lq wkh prgho hfrqrp|1 Lw wxuqv rxw wkdw wkh vorsh ri wkh wd{
vfkhgxoh +zklfk lqgh{hv wkh ghjuhh ri surjuhvvlylw|, pxvw eh vhw kljk hqrxjk wr pdnh
wkh htxloleulxp oderu ghpdqg vfkhgxoh  dwwhu wkdq wkh oderu vxsso| fxuyh/ wkdw lv/
wr ryhuwxuq wkh uhodwlyh vwhhsqhvv fulwhuld ghulyhg e| Ehqkdele dqg Iduphu +4<<7,1
Rxu uhvxow lpsolhv wkdw dq hfrqrp| zlwk d  dw ru uhjuhvvlyh wd{ vfkhgxoh zloo eh pruh
vxvfhswleoh wr lqghwhuplqdf|/ wkdw lv/ eholhi0gulyhq  xfwxdwlrqv fdq rffxu iru d orzhu
ghjuhh ri lqfuhdvlqj uhwxuqv1
Rxu prgho doorzv iru d ulfk vhw ri srvvlelolwlhv uhjduglqj wkh olqnv ehwzhhq wd{
srolf| dqg lqghwhuplqdf| dqg khosv eulqj wrjhwkhu vrph uhfhqw uhvxowv lq wkh olwhu0
dwxuh1 Iru h{dpsoh/ Vfkplww0Jurk￿ dqg Xuleh +4<<:, vkrz wkdw d vwdqgdug UEF
prgho zlwk d frqvwdqw uhwxuqv0wr0vfdoh whfkqrorj| fdq h{klelw lqghwhuplqdf| li wd{
udwhv duh ghwhuplqhg e| d edodqfhg exgjhw uxoh zlwk d suh0vhw ohyho ri uhyhqxh1 Xqghu
wklv w|sh ri exgjhw uxoh/ wkh jryhuqphqw lv irufhg wr dgmxvw wd{ udwhv grzqzdug dv shu
fdslwd lqfrph +wkh wd{ edvh, ulvhv1 Wklv uhvhpeohv rxu prgho zlwk d uhjuhvvlyh wd{
vfkhgxoh1 Wkh jhqhudo srlqw lv wkdw uhjuhvvlyh wd{hv fdq uhgxfh wkh uhtxluhg ghjuhh
ri lqfuhdvlqj uhwxuqv qhhghg iru lqghwhuplqdf|1
Fkulvwldqr dqg Kduulvrq +4<<9, vkrz wkdw lqghwhuplqdf| fdq eh suhyhqwhg xvlqj
d vwdelol}dwlrq srolf| lq zklfk wkh wd{ udwh lv dq lqfuhdvlqj ixqfwlrq ri oderu h￿ruw/
5Jxr dqg Odqvlqj +4<<:, h{soruhv dq dowhuqdwlyh srolf| phfkdqlvp wkdw fdq dfklhyh wklv uhvxow1
Zh frqvlghu d ￿vfdo srolf| wkdw fuhdwhv dq hqylurqphqw zlwk r￿vhwwlqj lqfrph dqg vxevwlwxwlrq h￿hfwv
vr wkdw fxuuhqw ghflvlrqv duh lqghshqghqw ri h{shfwdwlrqv1 Dv d uhvxow/ h{shfwhg kljkhu ixwxuh uhwxuqv
fdqqrw eh vhoi0ixo￿oolqj dqg wkh phfkdqlvp iru vxqvsrw  xfwxdwlrqv lv frpsohwho| vkxw grzq1
5dv rssrvhg wr lqfrph1 Wklv uhvhpeohv rxu prgho zlwk d surjuhvvlyh wd{ vfkhgxoh1 Lq
wkhlu prgho/ krxvhkrogv ljqruh wkh lpsdfw ri wkhlu dfwlrqv rq wkh wd{ udwh1 Krzhyhu/
wkh qhfhvvdu| dqg vx!flhqw frqglwlrq wkdw zh ghulyh wr hqvxuh vdggoh sdwk vwdelolw| lv
wkh vdph/ uhjdugohvv ri zkhwkhu krxvhkrogv wdnh wkh surjuhvvlylw| ri wkh wd{ vfkhgxoh
lqwr dffrxqw1
Wkh uhpdlqghu ri wklv qrwh lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh prgho
dqg wkh wd{ vfkhgxoh1 Wkh g|qdplfv ri wkh prgho duh dqdo|}hg lq vhfwlrq 61 Vhfwlrq
7 ghulyhv wkh qhfhvvdu| dqg vx!flhqw frqglwlrq rq wkh wd{ vfkhgxoh wr hqvxuh vdggoh
sdwk vwdelolw| dqg eulh | glvfxvvhv wkh zhoiduh lpsolfdwlrqv1 Vhfwlrq 8 frqfoxghv1
5 Wkh Hfrqrp|
514 Ilupv
Wkh prgho lqwurgxfhv jryhuqphqw ￿vfdo srolf| lqwr wkh frqwlqxrxv wlph iudphzrun
ri Ehqkdele dqg Iduphu +4<<7,1 Wkhuh lv d frqwlqxxp ri lghqwlfdo frpshwlwlyh ￿upv/
zlwk wkh wrwdo qxpehu qrupdol}hg wr rqh1 Wkh djjuhjdwh surgxfwlrq ixqfwlrq lv
Free0Grxjodv/ jlyhq e|
\ @ NkOq>￿ > ￿ A 3 > +4,
zkhuh \ lv wrwdo rxwsxw/ N uhsuhvhqwv wkh djjuhjdwh vwrfn ri fdslwdo dqg O lv djjuh0
jdwh oderu krxuv16 Xqolnh wkh vwdqgdug UEF prgho/ zh doorz wkh sdudphwhuv ￿ dqg
￿ wr vxp wr pruh wkdq rqh1 Ehqkdele dqg Iduphu +4<<7, ghvfuleh wzr surgxfwlrq
hqylurqphqwv wkdw fdq uhfrqfloh +4, zlwk d frpshwlwlyh wkhru| ri lqfrph glvwulex0
wlrq1 Iru h{srvlwlrqdo vlpsolflw|/ zh fkrrvh wr suhvhqw wkh prgho zlwk surgxfwlyh
h{whuqdolwlhv17
Htxdwlrq +4, uhsuhvhqwv wkh vrfldo whfkqrorj| zklfk h{sodlqv krz djjuhjdwh rxw0
sxw zrxog uhvsrqg li doo ￿upv zhuh wr h{sdqg wkhlu fdslwdo dqg oderu lqsxwv vlpxo0
wdqhrxvo|1 Wklv ixqfwlrq lv frqfhswxdoo| glvwlqfw iurp wkh sulydwh whfkqrorj| wkdw
6Iru hdvh ri qrwdwlrq/ wkh wlph ghshqghqfh ri doo yduldeohv lv vxssuhvvhg wkurxjkrxw wklv qrwh1
Iru h{dpsoh/ t uhsuhvhqwv t E|￿ dqg vr rq iru rwkhu yduldeohv1
7Dq dowhuqdwlyh vshfl￿fdwlrq lqfrusrudwhv lqwhuqdo lqfuhdvlqj uhwxuqv dw wkh ￿up ohyho lq dq lp0
shuihfwo| frpshwlwlyh hfrqrp|1 Wklv |lhogv dq djjuhjdwh surgxfwlrq ixqfwlrq zlwk wkh vdph irup dv
+4,1
6h{klelwv frqvwdqw uhwxuqv wr vfdoh=
\￿ @ N@
￿ OK
￿ [> d .e @4 > +5,
zkhuh wkh vxevfulsw l lqgh{hv wkh lqglylgxdo ￿up1 Wkh whup [ uhsuhvhqwv surgxfwlyh






>" ￿ 3 = +6,
Zkhq " @3 >wkh prgho froodsvhv wr d vwdqgdug UEF irupxodwlrq zlwk djjuhjdwh
frqvwdqw uhwxuqv wr vfdoh1 Lq d v|pphwulf htxloleulxp/ doo ￿upv wdnh wkh vdph dfwlrqv
vxfk wkdw N￿ @ N dqg O￿ @ O/ iru doo l1 Dv d uhvxow/ +6, fdq eh vxevwlwxwhg lqwr +5,
wr rewdlq wkh vrfldo whfkqrorj| +4, e| gh￿qlqj ￿ ￿ d+4 . ", dqg ￿ ￿ e+4 . ",1Z h
uhvwulfw rxu dwwhqwlrq wr wkh fdvh zkhuh h{whuqdolwlhv duh qrw vwurqj hqrxjk wr jhqhudwh
vxvwdlqhg hqgrjhqrxv jurzwk1 Wklv lpsolhv dq xsshu olplw rq ￿ lq frqmxqfwlrq zlwk
dqrwkhu sdudphwhu wkdw jryhuqv wkh vorsh ri wkh wd{ vfkhgxoh1 Zh zloo hoderudwh
ixuwkhu rq wklv srlqw lq rxu glvfxvvlrq ri wkh htxloleulxp frqglwlrqv1
Xqghu wkh dvvxpswlrq wkdw idfwru pdunhwv duh shuihfwo| frpshwlwlyh/ wkh ￿up*v









zkhuh u lv wkh uhqwdo udwh ri fdslwdo dqg z lv wkh uhdo zdjh1 Qrwlfh wkdw wkh sdudph0
whuv d dqg e uhsuhvhqw wkh vkduhv ri qdwlrqdo lqfrph uhfhlyhg e| fdslwdo dqg oderu/
uhvshfwlyho|1
515 Krxvhkrogv
Wkh hfrqrp| lv srsxodwhg e| d xqlw phdvxuh ri lghqwlfdo lq￿qlwho|0olyhg krxvhkrogv/
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7zkhuh f dqg c duh wkh lqglylgxdo krxvhkrog*v frqvxpswlrq dqg krxuv zrunhg/ ￿ ￿ 3
ghqrwhv wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq iru oderu vxsso|/
dqg ￿A3lv wkh glvfrxqw udwh1 Wkh exgjhw frqvwudlqw idfhg e| wkh uhsuhvhqwdwlyh
krxvhkrog lv
b n @+ 4￿￿,+un .zc,￿￿n ￿f> n+3, jlyhq/ +:,
zkhuh n lv wkh krxvhkrog*v fdslwdo vwrfn/ ￿ lv wkh fdslwdo ghsuhfldwlrq udwh dqg ￿
uhsuhvhqwv wkh lqfrph wd{ udwh/ zklfk lv vshfl￿hg pruh frpsohwho| ehorz1 Krxvhkrogv
ghulyh lqfrph e| vxsso|lqj fdslwdo dqg oderu vhuylfhv wr ￿upv/ wdnlqj idfwru sulfhv u
dqg z dv jlyhq1 Zh dvvxph wkdw wkhuh duh qr ixqgdphqwdo xqfhuwdlqwlhv suhvhqw lq
wkh hfrqrp|1
516 Frqglwlrq iru Lqghwhuplqdf|
Lq d yhuvlrq ri wkh deryh prgho zlwkrxw jryhuqphqw +￿ @3 ,/ Ehqkdele dqg Iduphu
+4<<7, vkrz wkdw wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru dq lqghwhuplqdwh vwhdg|
vwdwh lv
￿ ￿ 4 A￿ > +;,
zklfk lv htxlydohqw wr wkh vwdwhphqw wkdw wkh htxloleulxp oderu ghpdqg vfkhgxoh
vorshv xs dv d ixqfwlrq ri uhdo zdjh dqg lv vwhhshu wkdq wkh oderu vxsso| fxuyh18
Zkhq wklv frqglwlrq lv vdwlv￿hg/ wkh hfrqrp| qr orqjhu h{klelwv d xqltxh shuihfw
iruhvljkw htxloleulxp1 Iru dq| jlyhq lqlwldo vwrfn ri fdslwdo/ wkhuh zloo eh d frqwlqxxp
ri htxloleulxp wudmhfwrulhv hdfk frqyhujlqj wrzdugv wkh vwhdg| vwdwh +d vlqn,1 Lq d
vwrfkdvwlf yhuvlrq ri wkh prgho/ +;, lpsolhv wkdw wkhuh h{lvw d frqwlqxxp ri vwdwlrqdu|
udwlrqdo h{shfwdwlrqv htxloleuld lq zklfk vhoi0ixo￿oolqj eholhiv ri djhqwv fdq eh d gulylqj
irufh ri exvlqhvv f|foh  xfwxdwlrqv1 Iduphu dqg Jxr +4<<7, fdoleudwh d glvfuhwh wlph
yhuvlrq ri wklv prgho hfrqrp| dqg vkrz wkdw wkh exvlqhvv f|foh surshuwlhv ri srvw0zdu
X1V1 wlph vhulhv gdwd duh eurdgo| frqvlvwhqw zlwk wkh suhglfwlrqv ri d prgho gulyhq
8Vlqfh ￿ D fc wkh frqglwlrq +;, uhtxluhv q 3 ￿ : f￿ Uhfhqw hpslulfdo vwxglhv e| Exuqvlgh +4<<9,
dqg Edvx dqg Ihuqdog +4<<:, vxjjhvw wkdw wkh X1V1 hfrqrp| lv qrw fkdudfwhul}hg e| vxfk d kljk
ghjuhh ri lqfuhdvlqj uhwxuqv1 Krzhyhu/ ixuwkhu wkhruhwlfdo zrun e| Ehqkdele dqg Iduphu +4<<9,/
Kduulvrq +4<<:,/ Shuol +4<<:,/ dqg Zhghu +4<<:, vkrzv wkdw d wzr0vhfwru yhuvlrq ri wkh UEF prgho
zlwk d frqyhqwlrqdo grzqzdug vorslqj oderu ghpdqg fxuyh Eq 3 ￿ ￿ f￿ fdq h{klelw lqghwhuplqdf|
iru d pxfk orzhu ghjuhh ri lqfuhdvlqj uhwxuqv1
8vroho| e| l1l1g= vxqvsrw vkrfnv1 Lq zkdw iroorzv/ zh pdlqwdlq wkh k|srwkhvlv wkdw
frqglwlrq +;, lv vdwlv￿hg1
517 Jryhuqphqw
Wkh jryhuqphqw fkrrvhv wkh wd{ srolf| ￿ dqg edodqfhv lwv exgjhw dw hdfk srlqw lq
wlph1 Wkh lqvwdqwdqhrxv jryhuqphqw exgjhw frqvwudlqw lv
J @ ￿\= +<,
Zh dvvxph wkdw wd{ uhyhqxhv duh xvhg wr ￿qdqfh jryhuqphqw vshqglqj rq jrrgv dqg
vhuylfhv J wkdw gr qrw frqwulexwh wr hlwkhu surgxfwlrq ru krxvhkrog xwlolw|19 Wkh
djjuhjdwh uhvrxufh frqvwudlqw iru wkh hfrqrp| lv jlyhq e|
F . b N . ￿N .J @ \> +43,
zkhuh F uhsuhvhqwv djjuhjdwh frqvxpswlrq1 Zh srvwxodwh wkdw wkh jryhuqphqw vhwv
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zkhuh | @ un.zc uhsuhvhqwv wkh lqglylgxdo krxvhkrog*v wd{deoh lqfrph dqg ￿ | ghqrwhv
d edvh ohyho ri lqfrph wkdw lv wdnhq dv jlyhq1 Khuh/ zh vhw ￿ | htxdo wr vwhdg|0vwdwh
ohyho ri shu fdslwd lqfrph1: Wkh sdudphwhuv ￿ dqg ! jryhuq wkh ohyho dqg vorsh ri
wkh wd{ vfkhgxoh1 Zkhq !A+ ? ,3/ wkh wd{ udwh ￿ lqfuhdvhv +ghfuhdvhv, zlwk wkh
krxvhkrog*v wd{deoh lqfrph/ wkdw lv/ krxvhkrogv zlwk wd{deoh lqfrph deryh ￿ | idfh d
kljkhu +orzhu, wd{ udwh wkdq wkrvh zlwk lqfrph ehorz ￿ |1Z k h q!@3 / doo krxvhkrogv
idfh wkh vdph wd{ udwh 4 ￿ ￿ uhjdugohvv ri wkhlu wd{deoh lqfrph1 Lq pdnlqj ghflvlrqv
derxw krz pxfk wr frqvxph/ zrun/ dqg lqyhvw ryhu wkhlu olihwlphv/ krxvhkrogv wdnh
lqwr dffrxqw wkh zd| lq zklfk wkh wd{ vfkhgxoh d￿hfwv wkhlu hduqlqjv1
Wr xqghuvwdqg wkh surjuhvvlylw| ihdwxuh ri +44,/ lw lv xvhixo wr glvwlqjxlvk ehwzhhq
wkh dyhudjh dqg pdujlqdo wd{ udwhv1 Wkh dyhudjh wd{ udwh ￿ lv gh￿qhg dv wkh wd{ sdlg
9Rxu dqdo|vlv uhpdlqv xqd￿hfwhg li C hqwhuv wkh krxvhkrog xwlolw| ixqfwlrq +9, lq dq dgglwlyho|
vhsdudeoh zd|1
:Lq d prgho zlwk whfkqrorjlfdo surjuhvv/ +44, pxvw eh prgl￿hg wr uhsodfh 7 + e| 57 +/ zkhuh 5
phdvxuhv wkh ohyho ri whfkqrorj| wkdw jurzv ryhu wlph1 Wklv irupxodwlrq hqvxuhv wkdw ￿ uhpdlqv
vwdwlrqdu| dorqj wkh edodqfhg jurzwk sdwk1
9e| hdfk krxvhkrog W glylghg e| lwv wd{deoh lqfrph |1 Wkh pdujlqdo wd{ udwh ￿6 lv
gh￿qhg dv wkh fkdqjh lq wd{hv sdlg glylghg e| wkh fkdqjh lq wd{deoh lqfrph/ wkdw lv/
wkh udwh dssolhg wr wkh odvw groodu hduqhg1 Wkh h{suhvvlrqv iru wkh ydulrxv wd{ udwhv
duh



















Zh uhtxluh wkh dyhudjh wd{ udwh ￿ wr eh qrq0qhjdwlyh1 D qhjdwlyh dyhudjh wd{ udwh
lpsolhv wkh h{lvwhqfh ri dq lqfrph vxevlg| wkdw frxog rqo| eh ￿qdqfhg zlwk d oxps0
vxp wd{1 Khuh/ zh uhvwulfw rxu dwwhqwlrq wr dq hqylurqphqw lq zklfk wkh jryhuqphqw
grhv qrw kdyh dffhvv wr oxps0vxp wd{hv ru wudqvihuv1 Ixuwkhupruh/ wkh dyhudjh wd{
udwh pxvw eh vwulfwo| ohvv 433 shufhqw wr suhyhqw wkh jryhuqphqw iurp frq￿vfdwlqj
doo surgxfwlyh uhvrxufhv1 Zh dovr uhtxluh wkh pdujlqdo wd{ udwh ￿6 wr eh vwulfwo| ohvv
wkdq 433 shufhqw vr wkdw krxvhkrogv kdyh dq lqfhqwlyh wr vxsso| oderu dqg fdslwdo
vhuylfhv wr ￿upv1 Ilqdoo|/ wr jxdudqwhh wkh h{lvwhqfh ri d vwhdg| vwdwh/ wkh hfrqrp|*v
htxloleulxp diwhu0wd{ lqwhuhvw udwh pxvw eh vwulfwo| ghfuhdvlqj lq N= Wklv lpsrvhv d
orzhu erxqg rq ￿6 wkdw ghshqgv rq wkh pdjqlwxgh ri wkh whfkqrorj| sdudphwhu ￿=










> wkh pdujlqdo wd{ udwh lv deryh wkh dyhudjh wd{ udwh
zkhq !A3 =Lq wklv fdvh/ wkh wd{ vfkhgxoh lv vdlg wr eh ￿surjuhvvlyh￿1 Zkhq ! @3 /
wkh dyhudjh dqg pdujlqdo wd{ udwhv frlqflgh dw wkh ydoxh 4 ￿ ￿ dqg wkh wd{ vfkhgxoh
lv vdlg wr eh ￿ dw￿1; Zkhq !?3wkh wd{ vfkhgxoh lv ￿uhjuhvvlyh￿1 Lq rxu prgho/ d
uhjuhvvlyh wd{ vfkhgxoh lpsolhv wkdw ￿ lv d ghfuhdvlqj ixqfwlrq ri krxvhkrog lqfrph
|/ zklfk lv vlplodu wr wkh vshfl￿fdwlrq xvhg lq Vfkplww0Jurk￿ dqg Xuleh +4<<:,1 Lq
wkhlu hfrqrp|/ wkh jryhuqphqw pxvw edodqfh lwv exgjhw dw doo wlphv +dv zh dovr uhtxluh
;D  dw wd{ fdq dovr h{klelw surjuhvvlylw| ihdwxuhv wkurxjk wkh dssursuldwh xvh ri d vwdqgdug
shuvrqdo ghgxfwlrq1 Iru vlpsolflw|/ zh devwudfw iurp dq| ghgxfwlrqv khuh1 Dq hduo| sursrvdo iru
d  dw wd{ fdq eh irxqg lq Iulhgpdq +4<95/ s1 4:7,1 Iru d pruh ghwdlohg sursrvdo/ vhh Kdoo dqg
Udexvknd +4<<8,1
:khuh,/ exw sxeolf h{shqglwxuhv duh dvvxphg wr eh ￿{hg rxwvlgh ri wkh jryhuqphqw*v
frqwuro1 Zlwk wklv w|sh ri exgjhw uxoh/ wd{ udwhv duh ghfuhdvlqj lq wkh ohyho ri shu
fdslwd lqfrph1 Dv shu fdslwd lqfrph ulvhv/ wkh wd{ edvh h{sdqgv dqg wkh jryhuqphqw
lv irufhg wr edodqfh lwv exgjhw wkurxjk grzqzdug dgmxvwphqwv lq wkh wd{ udwhv1
518 Shuihfw Iruhvljkw Htxloleulxp
Zh irfxv rq d v|pphwulf shuihfw iruhvljkw htxloleulxp lq zklfk krxvhkrogv pd{lpl}h
xwlolw| dqg ￿upv pdnh }hur sur￿wv1 Wkh htxloleulxp lv v|pphwulf vlqfh hdfk ￿up
xvhv wkh vdph dprxqw ri fdslwdo dqg oderu lqsxwv lq surgxfwlrq1 Lq htxloleulxp/ wkh
djjuhjdwh frqvlvwhqf| frqglwlrq uhtxluhv | @ \> ￿ | @ ￿ \>n@N> f @ F> dqg c @ O= Dv
d uhvxow/ wkh ￿uvw0rughu frqglwlrqv wkdw fkdudfwhul}h wkh htxloleulxp duh jlyhq e|
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zkhuh +48, htxdwhv wkh vorsh ri wkh uhsuhvhqwdwlyh krxvhkrog*v lqgl￿huhqfh fxuyh wr
wkh diwhu0wd{ uhdo zdjh dqg +49, lv wkh frqvxpswlrq Hxohu htxdwlrq1 Qrwlfh wkdw wkhvh
￿uvw0rughu frqglwlrqv duh lq xhqfhg e| wkh ohyho ri wkh pdujlqdo wd{ udwh ￿61W k h
orzhu erxqg rq ! lpsolhv ￿+4 ￿ !, ? 4 vr wkdw wkh diwhu0wd{ lqwhuhvw udwh +4 ￿ ￿6,u
lq +49, lv vwulfwo| ghfuhdvlqj lq N= Wklv uhvwulfwlrq jxdudqwhhv wkh h{lvwhqfh ri d
vwhdg| vwdwh1 Htxdwlrq +4:, lv wkh odz ri prwlrq iru wkh fdslwdo vwrfn dqg +4;, lv wkh
wudqvyhuvdolw| frqglwlrq1 Zkhq ￿ @4dqg ! @3 >wkh deryh frqglwlrqv froodsvh wr
wkrvh ghulyhg e| Ehqkdele dqg Iduphu +4<<7,1
;6 Dqdo|vlv ri wkh G|qdplfv
Wr idflolwdwh rxu dqdo|vlv/ zh pdnh wkh iroorzlqj orjdulwkplf wudqvirupdwlrq ri ydul0
deohv1 Ohw a \ ￿ orj+\ ,> a N ￿ orj+N,> a F ￿ orj+F, dqg a O ￿ orj+O,= Zlwk wklv wudqv0
irupdwlrq/ wkh wzr g|qdplf htxdwlrqv/ +49, dqg +4:,/ fdq eh uhzulwwhq dv
￿
e F @ d￿+4 ￿ !,￿ \ ￿hE￿3￿￿￿ t 3 ￿ g ￿ ￿ ￿ ￿> +4<,
￿
e N @ ￿￿ \ ￿hE￿3￿￿￿ t 3 ￿ g ￿ ￿ ￿ h
￿ ￿3 ￿ g +53,
Iru +4<, dqg +53, wr eh dq dxwrqrprxv sdlu ri gl￿huhqwldo htxdwlrqv/ zh qhhg wr
holplqdwh a O e| h{suhvvlqj +4 ￿ !,a \ ￿ a N lq whupv ri a F dqg a N rqo|1 Frpelqlqj wkh
wzr vwdwlf htxdwlrqv +4, dqg +48, |lhogv=
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￿+4 ￿ !, ￿ 4 ￿ ￿
= +57,
Vxevwlwxwlqj +54, lqwr +4<, dqg +53,/ zh rewdlq
￿
e F @ d￿+4 ￿ !,￿ \ ￿hbfnb￿ ￿ gnb2 ￿ ￿ ￿ ￿ ￿ ￿> +58,
￿
e N @ ￿￿ \ ￿hbfnb￿ ￿ gnb2 ￿ ￿ ￿ ￿ ￿ h
￿ ￿3 ￿ g= +59,
Dq htxloleulxp lv gh￿qhg dv d wudmhfwru| i a F+w,> a N+w,j"
|’f wkdw vroyhv +58, dqg
+59, vxemhfw wr wkh lqlwldo frqglwlrq a N+3, dqg wkh wudqvyhuvdolw| frqglwlrq +4;,1 Vlqfh
<￿+4 ￿ !, ? 4> lw lv vwudljkwiruzdug wr vkrz wkdw wkh deryh g|qdplfdo v|vwhp srvvhvvhv
d xqltxh lqwhulru vwhdg| vwdwh1< Zh fdq wkhuhiruh frpsxwh wkh Mdfreldq pdwul{ ri
wkh v|vwhp gh￿qhg e| +58, dqg +59,/ hydoxdwhg dw wkh vwhdg| vwdwh1 Wkh wudfh dqg
wkh ghwhuplqdqw ri wkh Mdfreldq duh jlyhq e|
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Qrwlfh wkdw wkh ohyho sdudphwhu ri wkh wd{ vfkhgxoh ￿ grhv qrw dsshdu lq hlwkhu +5:,
ru +5;,/ dqg wkxv kdv qr lpsdfw rq wkh prgho*v orfdo vwdelolw| surshuwlhv1 Zh qrz
ghulyh wkh qhfhvvdu| dqg vx!flhqw frqglwlrq rq wkh vorsh sdudphwhu ! wr suhyhqw
lqghwhuplqdf|1
7 Qhfhvvdu| dqg Vx!flhqw Frqglwlrq
Sursrvlwlrq1 Wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru wkh prgho wr h{klelw vdggoh
sdwk vwdelolw| lv
￿+4 ￿ !, ￿ 4 ?￿ = +5<,
Surri1 Vdggoh sdwk vwdelolw| uhtxluhv wkh hljhqydoxhv ri wkh g|qdplfdo v|vwhp +58, dqg
+59, wr eh ri rssrvlwh vljq/ wkdw lv/ wkh ghwhuplqdqw ri wkh Mdfreldq dv lq +5;, pxvw
eh qhjdwlyh1 Wkh uhtxluhphqw wkdw wkh pdujlqdo wd{ udwh eh vwulfwo| ohvv wkdq 433
shufhqw lpsolhv !?4 =Jlyhq wkh idfw wkdw d>e>￿ A 3 dqg ￿>￿ ￿ 3> wkh ghwhuplqdqw
zloo eh qhjdwlyh li dqg rqo| li
dkE￿3￿￿3￿o
qE￿3￿￿3￿3￿ A 3= Vlqfh ￿+4 ￿ !, ? 4 wr jxdudqwhh wkh
h{lvwhqfh ri d vwhdg| vwdwh/ ￿+4 ￿ !, ￿ 4 ￿ ￿ jryhuqv wkh vljq ri wkh ghwhuplqdqw1
Zkhq ￿+4 ￿ !, ￿ 4 ?￿>zh kdyh
dkE￿3￿￿3￿o
qE￿3￿￿3￿3￿ A 3 dqg Ghw ? 3= ￿
Wkh lqwxlwlrq iru frqglwlrq +5<, fdq eh xqghuvwrrg e| wdnlqj orjdulwkpv ri erwk
vlghv ri wkh oderu pdunhw htxloleulxp frqglwlrq +48, wr rewdlq




e￿+4 ￿ !, ￿ \ ￿
D
￿￿
. ￿+4 ￿ !, a N .^ ￿+4 ￿ !, ￿ 4‘a O> +63,
<Fkulvwldqr dqg Kduulvrq +4<<9, vwxg| dq hqgrjhqrxv jurzwk yhuvlrq ri wklv prgho zlwk @ ’
￿
￿ dqg
￿ ’2vxfk wkdw wkh vrfldo whfkqrorj| +4, lv t ’ gu
2￿ Wkxv/ wkh g|qdplfv ri wkhlu prgho froodsvh wr d
￿uvw0rughu Hxohu htxdwlrq lq u￿ Lq frqwudvw/ rxu prgho h{klelwv wkh vwdqgdug vhfrqg0rughu g|qdplfv1
43zkhuh a $ uhsuhvhqwv wkh orjdulwkp ri wkh diwhu0wd{ uhdo zdjh1 Qrwlfh wkdw wkh vorsh
ri wkh htxloleulxp oderu ghpdqg vfkhgxoh lv jlyhq e| ￿+4 ￿ !, ￿ 4> dqg wkh vorsh
ri wkh oderu vxsso| fxuyh lv ￿= Iru wkh jryhuqphqw wr vwdelol}h wkh hfrqrp| djdlqvw
vxqvsrw  xfwxdwlrqv/ frqglwlrq +5<, uhtxluhv wkh vorsh sdudphwhu ri wkh wd{ vfkhgxoh
! pxvw eh kljk hqrxjk wr pdnh wkh htxloleulxp oderu ghpdqg vfkhgxoh  dwwhu wkdq
wkh oderu vxsso| fxuyh/ wkdw lv/ wr ryhuwxuq wkh uhodwlyh vwhhsqhvv fulwhuld ri wkh
Ehqkdele0Iduphu frqglwlrq +;,1
Wr surylgh d vhqvh ri wkh uhtxluhg pdjqlwxgh ri ! wkdw vdwlv￿hv vdggoh sdwk vwd0
elolw|/ frqvlghu wkh iroorzlqj sdudphwhul}dwlrq xvhg e| Ehqkdele dqg Iduphu +4<<7,=
wkh oderu vkduh ri qdwlrqdo lqfrph e @3 = : / wkh ghjuhh ri h{whuqdolwlhv lq surgxfwlrq
" @3 = 8 >dqg wkh oderu vxsso| hodvwlflw| sdudphwhu ￿ @3+l1h1/ wkh lqglylvleoh oderu
vshfl￿fdwlrq ri Kdqvhq ^4<;8‘ dqg Urjhuvrq ^4<;;‘,1 E| vxevwlwxwlqj wkhvh ydoxhv
lqwr frqglwlrq +5<,/ qdpho|/ !A4￿
￿n￿
q > zh ￿qg wkdw wkh wd{ srolf| ghvfulehg e|
+44, uhqghuv d xqltxh ghwhuplqdwh htxloleulxp iru !A3 = 37;143
Vlqfh wkhuh lv qr xsshu erxqg rq wkh sdudphwhu ￿> frqglwlrq +5<, fdq eh vdwlv￿hg
e| d zlgh udqjh ri ydoxhv iru !> surylghg k3￿
k ?!?4 =Zkhq wkh wd{ vfkhgxoh
ehfrphv pruh surjuhvvlyh +kljkhu !,/ vdggoh sdwk vwdelolw| lv pruh olnho| wr rffxu
hyhq iru dq hfrqrp| zlwk vwurqj lqfuhdvlqj uhwxuqv1 Frqyhuvho|/ dv wkh wd{ vfkhgxoh
ehfrphv  dwwhu ru pruh uhjuhvvlyh +vpdoohu !,/ wkh hfrqrp| lv pruh vxvfhswleoh wr
lqghwhuplqdf|/ wkdw lv/ +5<, fdq eh ylrodwhg dw d orzhu ghjuhh ri lqfuhdvlqj uhwxuqv1
Lw wxuqv rxw wkdw li krxvhkrogv ljqruh wkh lq xhqfh ri wkhlu dfwlrqv rq wkh wd{ udwh/
wkh qhfhvvdu| dqg vx!flhqw frqglwlrq jlyhq e| wkh Sursrvlwlrq uhpdlqv xqfkdqjhg1
Lq wklv fdvh/ wkh h{suhvvlrq iru wkh ghwhuplqdqw ehfrphv
Ghw @
￿d+￿ .4 , ^ ￿ +4 ￿ !, ￿ 4‘









zklfk djdlq vkrzv wkdw ￿+4 ￿ !, ￿ 4 ￿ ￿ jryhuqv wkh vljq ri wkh ghwhuplqdqw1 Wkh
fuxfldo ihdwxuh lq ehlqj deoh wr suhyhqw vhoi0ixo￿oolqj h{shfwdwlrqv lv iru wkh srolf| wr
￿wd{ dzd|￿ wkh kljkhu uhwxuqv iurp eholhi0gulyhq oderu ru lqyhvwphqw vsxuwv1 Wklv
43Fdvvrx dqg Odqvlqj +4<<9, xvh d qrqolqhdu ohdvw vtxduhv uhjuhvvlrq wr dssur{lpdwh wkh wkh
X1V1 ihghudo lqfrph wd{ vfkhgxoh e| wkh ixqfwlrq ￿ ’f ￿ ￿H2￿E+*7 +￿
f￿2.￿e/z k h u h+*7 + lv krxvhkrog
wd{deoh lqfrph glylghg e| lwv phdq ohyho1 Frpsdulqj wklv h{suhvvlrq wr +44, |lhogv # ’f ￿ H￿.. dqg
￿ ’f ￿ fSfb1 Wklv ydoxh ri ￿ h{fhhgv wkh fulwlfdo ydoxh ri 3137; qhhghg wr hqvxuh vdggoh sdwk vwdelolw|1
Lq frqwudvw/ wkh vdph hfrqrp| zlwk d  dw wd{ E￿ ’f ￿zloo h{klelw dq lqghwhuplqdwh vwhdg| vwdwh1
44rffxuv uhjdugohvv ri zkhwkhu djhqwv kdyh wdnhq lqwr dffrxqw wkh lpsdfwv ri wkhlu
ghflvlrqv rq wkh wd{ udwh1
Wkh zhoiduh frqvhtxhqfhv ri wkh wd{ srolf| jlyhq e| +44, ghshqg rq d qxpehu ri
lpsruwdqw idfwruv1 Iluvw/ rxu prgho grhv qrw uhtxluh wkh wd{ vfkhgxoh sdudphwhuv ￿
dqg ! wr eh vhw dffruglqj wr dq| zhoiduh pd{lpl}lqj fulwhulrq1 Vhfrqg/ dv srlqwhg rxw
e| Fkulvwldqr dqg Kduulvrq +4<<9,/ wkh ghvludelolw| ri vwdelol}lqj wkh hfrqrp| djdlqvw
vxqvsrw  xfwxdwlrqv lv ghwhuplqhg e| wkh uhodwlyh pdjqlwxgh ri wzr rssrvlqj idfwruv1
Frqfdylw| ri xwlolw| lpsolhv wkdw  xfwxdwlrqv uhgxfh zhoiduh/ zkhuhdv lqfuhdvlqj uh0
wxuqv lq surgxfwlrq zrunv lq wkh rssrvlwh gluhfwlrq1 Dv d uhvxow/ zh fdqqrw dujxh d
sulrul wkdw d vwdelol}dwlrq srolf| zklfk holplqdwhv lqghwhuplqdf| lv ghvludeoh iurp d
zhoiduh vwdqgsrlqw1 Khqfh/ wkh zhoiduh h￿hfwv ri wkh srolf| +44, zloo ghshqg fuxfldoo|
rq wkh prgho sdudphwhul}dwlrq dqg dvvxpswlrqv uhjduglqj wkh dydlodelolw| ri rwkhu
srolf| lqvwuxphqwv/ vxfk dv oxps0vxp wd{hv ru wudqvihuv1
8 Frqfoxvlrq
Zh kdyh vkrzq krz d vlpsoh surjuhvvlyh wd{ vfkhgxoh fdq vwdelol}h wkh hfrqrp|
djdlqvw eholhi0gulyhq  xfwxdwlrqv lq d rqh0vhfwru uhdo exvlqhvv f|foh prgho zlwk vwurqj
lqfuhdvlqj uhwxuqv1 Frqyhuvho|/ dq hfrqrp| wkdw h{klelwv d  dw ru uhjuhvvlyh wd{
vfkhgxoh pd| eh pruh vxvfhswleoh wr vxfk  xfwxdwlrqv1
Wklv qrwh fdq eh h{whqghg lq vhyhudo gluhfwlrqv1 Lq sduwlfxodu/ lw zrxog eh lq0
whuhvwlqj wr pruh wkrurxjko| h{soruh wkh hpslulfdo sodxvlelolw| ri lqghwhuplqdf| lq
dq hfrqrp| olnh wkdw ri X1V1 zklfk lv fkdudfwhul}hg e| d surjuhvvlyh wd{ vfkhgxoh1
Jlyhq wkh ￿qglqjv ri uhfhqw hpslulfdo vwxglhv/ vxfk dq dqdo|vlv zrxog ehvw eh frq0
gxfwhg lq d wzr0vhfwru prgho lq zklfk wkh uhtxluhg ghjuhh ri lqfuhdvlqj uhwxuqv iru
lqghwhuplqdf| lv pxfk ohvv vwulqjhqw1 Pruhryhu/ lw zrxog eh zruwkzkloh wr lqwurgxfh
d ulfkhu wd{ vwuxfwxuh wkdw doorzv wkh prgho wr fdswxuh gl￿huhqfhv lq surjuhvvlylw|
ehwzhhq wkh shuvrqdo dqg frusrudwh wd{ vfkhgxohv lq wkh X1V1 hfrqrp|1 Zlwk wkhvh
prgl￿fdwlrqv/ d glvfxvvlrq ri wkh pdjqlwxgh ri wkh wd{ vfkhgxoh vorsh uhodwlyh wr wkh
ghjuhh ri lqfuhdvlqj uhwxuqv ehfrphv pruh uhohydqw1 Zh krsh wr sxuvxh wklv surmhfw
lq wkh qhdu ixwxuh1
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Vshfl￿f H{whuqdolwlhv/￿ Mrxuqdo ri Prqhwdu| Hfrqrplf/ 6:/ 75407771
^7‘ 1 +4<<7,1 ￿Lqghwhuplqdf| dqg Lqfuhdvlqj Uhwxuqv/￿ Mrxuqdo ri Hfrqrplf
Wkhru|/ 96/ 4<0741
^8‘ Exuqvlgh/ Fudlj1 +4<<9,1 ￿Surgxfwlrq Ixqfwlrq Uhjuhvvlrqv/ Uhwxuqv wr Vfdoh/
dqg H{whuqdolwlhv/￿ Mrxuqdo ri Prqhwdu| Hfrqrplf/ 6:/ 4::05341
^9‘ Fdvv/ Gdylg/ dqg Nduo Vkhoo1 +4<;6,1 ￿Gr Vxqvsrwv PdwwhuB￿ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <4/ 4<4055:1
^:‘ Fdvvrx/ Vwhyhq S1/ dqg Nhylq M1 Odqvlqj1 +4<<9,1 ￿Jurzwk H￿hfwv ri d Iodw Wd{/￿
Ihghudo Uhvhuyh Edqn ri Fohyhodqg/ Zrunlqj Sdshu <9481
^;‘ Fkldssrul/ Slhuuh D1/ dqg Urjhu Jxhvqhulh1 +4<<4,1 ￿Vxqvsrw Htxloleuld lq Vh0
txhqwldo Pdunhwv Prghov/￿ lq Kdqgerrn ri Pdwkhpdwlfdo Hfrqrplfv hglwhg e|
Zhuqhu Kloghqeudqg dqg Kxjr Vrqqhqvfkhlq/ Yro1 7/ 49;604:95/ Qruwk0Kroodqg/
Dpvwhugdp1
^<‘ Fkulvwldqr/ Odzuhqfh M1/ dqg Vkdurq J1 Kduulvrq1 +4<<9,1 ￿Fkdrv/ Vxqvsrwv/ dqg
Dxwrpdwlf Vwdelol}huv/￿ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Zrunlqj Sdshu
8:361
^43‘ Iduphu/ Urjhu H1D1/ dqg Mdqj0Wlqj Jxr1 +4<<7,1 ￿Uhdo Exvlqhvv F|fohv dqg wkh
Dqlpdo Vslulwv K|srwkhvlv/￿ Mrxuqdo ri Hfrqrplf Wkhru|/ 96/ 750:51
^44‘ Iduphu/ Urjhu H1D1/ dqg Plfkdho Zrrgirug1 +4<<:,1 ￿Vhoi0Ixo￿oolqj Surskhflhv
dqg wkh Exvlqhvv F|foh/￿ Pdfurhfrqrplf G|qdplfv/ iruwkfrplqj1
^45‘ Iulhgpdq/ Plowrq1 +4<95,1 Fdslwdolvp dqg Iuhhgrp1 Fklfdjr= Xqlyhuvlw| ri
Fklfdjr Suhvv1
^46‘ Jxr/ Mdqj0Wlqj dqg Nhylq M1 Odqvlqj1 +4<<:,1 ￿Ilvfdo Srolf|/ Lqfuhdvlqj Uh0
wxuqv/ dqg Hqgrjhqrxv Ioxfwxdwlrqv/￿ xqsxeolvkhg pdqxvfulsw/ XF Ulyhuvlgh
dqg Ihghudo Uhvhuyh Edqn ri Fohyhodqg1
^47‘ Kdoo/ Urehuw H1/ dqg Doylq Udexvknd1 +4<<8,1 Wkh Iodw Wd{/ Vhfrqg Hglwlrq//
Vwdqirug/ FD= Krryhu Lqvwlwxwh Suhvv1
^48‘ Kdqvhq/ Jdu| G1 +4<;8,1 ￿Lqglylvleoh Oderu dqg wkh Exvlqhvv F|foh/￿ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 49/ 63<065:1
46^49‘ Kduulvrq/ Vkdurq J1 +4<<:,1 ￿Lqghwhuplqdf| lq d Prgho zlwk Vhfwru0vshfl￿f H{0
whuqdolwlhv/￿ Qruwkzhvwhuq Xqlyhuvlw|/ xqsxeolvkhg pdqxvfulsw1
^4:‘ Krzlww/ Shwhu/ dqg U1 Suhvwrq PfDihh1 +4<<5,1 ￿Dqlpdo Vslulwv/￿ Dphulfdq Hfr0
qrplf Uhylhz/ ;5/ 7<6083:1
^4;‘ 1 +4<;;,1 ￿Vwdelolw| ri Htxloleuld zlwk Wudgh H{whuqdolwlhv/￿ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 436/ 59405::1
^4<‘ Nh|qhv/ Mrkq P1 +4<69,1 Wkh Jhqhudo Wkhru| ri Hpsor|phqw/ Lqwhuhvw dqg
Prqh|/ Pdfploodq/ Orqgrq1
^53‘ Shuol/ Urehuwr1 +4<<:,1 ￿Lqghwhuplqdf|/ Krph Surgxfwlrq dqg wkh Exvlqhvv F|0
foh= D Fdoleudwhg Dqdo|vlv/￿ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ iruwkfrplqj1
^54‘ Urjhuvrq/ Ulfkdug1 +4<;;,1 ￿Lqglylvleoh Oderu/ Orwwhulhv/ dqg Htxloleulxp/￿
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54/ 60491
^55‘ Vfkplww0Jurk￿/ Vwhskdqlh/ dqg Pduw￿q Xuleh1 +4<<:,1 ￿Edodqfhg0Exgjhw Uxohv/
Glvwruwlrqdu| Wd{hv dqg Djjuhjdwh Lqvwdelolw|/￿ Mrxuqdo ri Srolwlfdo Hfrqrp|/
iruwkfrplqj1
^56‘ Vkhoo/ Nduo1 +4<::,1 ￿Prqqdlh hw Doorfdwlrq Lqwhuwhpsruhooh/￿ V￿plqdluh g*H0
frqrp￿wulh Ur|0Pdolqydxg/ Fhqwuh Qdwlrqdoh gh od Uhfkhufkh Vflhqwl￿txh/ xq0
sxeolvkhg pdqxvfulsw1 ^wlwoh dqg devwudfw lq Iuhqfk/ wh{w lq Hqjolvk‘
^57‘ Zhghu/ Pdun1 +4<<:,1 ￿Dqlpdo Vslulwv/ Whfkqrorj| Vkrfnv dqg wkh Exvlqhvv F|0
foh/￿ Kxperogw Xqlyhuvlw|/ xqsxeolvkhg pdqxvfulsw1
^58‘ Zrrgirug/ Plfkdho1 +4<<4,1 ￿Vhoi0Ixo￿oolqj H{shfwdwlrqv dqg Ioxfwxdwlrqv lq Dj0
juhjdwh Ghpdqg/￿ lq Qhz Nh|qhvldq Hfrqrplfv hglwhg e| Q1 Juhjru| Pdqnlz
dqg Gdylg Urphu/ Yro1 5/ ::0443/ PLW Suhvv/ Fdpeulgjh/ PD1
^59‘ Zrrgirug/ Plfkdho1 +4<;9,1 ￿Vwdwlrqdu| Vxqvsrw Htxloleuld= Wkh Fdvh ri Vpdoo
Ioxfwxdwlrqv durxqg d Ghwhuplqlvwlf Vwhdg| Vwdwh/￿ Xqlyhuvlw| ri Fklfdjr/ xq0
sxeolvkhg pdqxvfulsw1
47